Focusing on application aspects of the rubber nanocomposites and the production and testing of industrial-sized samples, this study was performed in two phases. First, natural rubber (NR)/organomontmorillonite (OMMT) nanocomposites containing 2-14 phr OMMT were prepared on a laboratorysized two-roll mill. The vulcanization behavior and mechanical properties of NR/OMMT composites were compared with a referent NR compound containing 60 phr carbon black (N330) as a reinforcing filler. The x-ray diffraction (XRD) analyses showed a predominant intercalated structure for all OMMT nanocomposites. As a result, the organoclay behaved as an effective reinforcement for NR, even at loadings as low as 2 phr. This nanocomposite exhibited an improvement in tensile strength of 29% and in elongation at break of 61% in comparison with the referent NR/N330 compound. With the estimated optimal filler content, in the second phase, bulk NR/OMMT-5/steel samples were successfully produced for dynamic testing. The dynamic moduli were investigated by the method of forced vibrations. Compared to the NR/N 330 samples, NR/OMMT-5 samples showed improved hysteresis, with very low dissipating energy per cycle and significantly reduced Mullins effect.
INTRODUCTION
Natural rubber (NR) is used extensively in many different industrial and structural applications and products, since it can be compounded to have widely varying properties. Due to its outstanding mechanical properties and good crack growth resistance, NR is an indispensable material for pneumatic tires, for heavy duty usage and rubber bearings for seismic isolation. It is widely used in shock and vibration isolators because of its high resilience and high tensile and tear properties. Many applications of NR demand products with both excellent strength and outstanding elastic properties. The mechanical properties of rubber as a soft material mostly depend on reinforcement by fillers; thus, the strength to elasticity ratio, when conventional fillers are used, is usually governed by the amount of filler. On the other hand, the property that is significant in the design of structures and mechanical devices is the energy dissipating capacity. It is important, for example, in problems involving mechanical resonance and fatigue, shaft whirl, heating and cyclic stress. Unfilled rubber has very low energy dissipating capacity, but depending on the compound, type and quantity of the filler and vulcanization system used, this property can be significantly varied. For conventional fillers, such as carbon black and silica, which are used in bulk quantities, the general rule is that the strength of rubber increases with the amount of filler, while the elasticity decreases. Nowadays, NR-based nanocomposites, among which those containing layered silicates and carbon nanotubes [1] [2] [3] [4] are of major interest, have attracted much attention, due to their enhanced properties at considerably less filler content compared with those of conventional NR compounds. These improvements in mechanical properties, thermal behavior, abrasion resistance, gas permeability etc., are especially remarkable when good and even dispersion of the filler on a nano-level within the rubber matrix is achieved [5] [6] [7] .
Among the layered silicates, montmorillonite (MMT) is the mostly used for the preparation of polymer nanocomposites due to its large availability, low cost, high surface area and high cation exchange capacity. However, one of the drawbacks of using pristine MMT in NR is its hydrophilic nature, which makes it incompatible with the hydrophobic elastomeric matrix. Thus, the melt mixing of pristine montmorillonite with natural rubber led to composites with undispersed agglomerates [8] . As a result, a lot of research efforts have been focused on the modification of the nanofiller surfaces, which in general include ion exchange reaction of interlayer cations of clay with those of different organic, mainly alkyl amine, surfactants. Another factor influencing the dispersion of the layered silicates, even of those organicallymodified (OMMT), is the polarity of the elastomer. Good dispersion of conventional organomodified montmorillonite (OMMT) in polar elastomeric matrices has been successfully achieved due to interactions between the matrix and polar nanoclay surfaces [9, 10] . On the other hand, the dispersion of such OMMT is rather unsatisfactory in nonpolar elastomeric matrices such as NR [11, 12] , EPDM [13, 14] etc., owing to the absence of any feasible filler/matrix interactions.
In order to achieve the desired dispersion of nanofillers, various methods for obtaining elastomeric nanocomposites, similar to those applied for thermoplastics-based nanocomposites, have been used, such as solution mixing [15] [16] [17] , latex compounding [18] [19] [20] and melt mixing [21] [22] [23] [24] . Among these, melt mixing is the most widely used due to its simplicity and potential industrial applicability.
Despite the existence of a number of relevant publications in this specific field, there is still an essential need to identify an easy, efficient, economical, ecological and industrially viable way of dispersing the clay nanofillers in different elastomeric matrices without significantly altering the processing conditions and existing manufacturing facilities. Another question that still remains open is how to maintain the supposed previously achieved good nanofiller dispersion during the process of vulcanization, especially when producing large rubber samples.
In the present work, NR/OMMT nanocomposites were prepared by melt mixing, and their basic properties were compared to NR/N330 vulcanizates. From the obtained results, the optimal concentration of OMMT was determined, and bulk NR/OMMT/steel samples were produced in order to get a better understanding of the influence of the low OMMT content on the dynamic moduli and energy dissipating capacity of bulk NR nanocomposite samples.
Usually, Dynamic Mechanical Analysis (DMA) is used for determining the dynamic modulus, and the weight of the rubber samples tested is approximately 1.2 g. The samples that we investigated weighed 2400 g (without the steel plates). This requires a specific production and testing procedure.
The viscoelastic properties of rubber allow it to maintain a constant shape after deformation, while simultaneously absorbing mechanical energy [25] . The dynamic properties (or viscoelasticity) of a rubber compound are often determined by measuring its response to a sinusoidally varying strain, using the forced vibration method [25] , which enables the energy dissipating capacity to be determines. The results of these measurements performed on bulk samples of NR/OMMT nanocomposites, to our knowledge, are reported for the first time in this work.
EXPERIMENTAL

Materials
Natural rubber (Malaysian Rubber under the trade name SMR CV 60 with Moony Viscosity, ML (1+4) 100°C 60) was supplied by Alma Rubber Estates (Malaysia). Commercial organoclay Cloisite 20A was supplied by Southern Clay Products Inc. (USA). The clay contained 95 meq/100 g dimethyl dihydrogenated tallow ammonium (2M2HT). Hydrogenated tallow consists of approximately 65% C18, 30% C16 and 5% C14 fractions and is among the most hydrophobic fillers of the Cloisite series, due to the presence of long hydrocarbon chains in the organic modifier. The rubber compounding ingredients were commercial grades: zinc oxide produced by Grillo Zinkoxid (Germany), stearic acid produced by Pt. Sumi Asih -Bekasi (Indonesia), Santoflex 6PPD (N-(1,3-dimethylbutyl)-Nʹ-phenylp-phenylenediamine), Perkacit TMTD (tetramethyl disulfide) produced by Flexsys (Belgium), Vulkacit CZ/C (N-cyclohexyl-2-benzothiazolesulfenamide) produced by Lanxess (Germany), and sulfur produced by Siarkopol Tarnobrzeg (Poland).
Preparation of NR/OMMT nanocompositeslaboratory-sized and bulk samples
Rubber compounds were prepared at room temperature in an open two roll mixing mill with a 1 liter capacity. The rubber compounds for the bulk NR/OMMT samples were produced in two roll mill with 10 liters capacity. The formulations used for the preparation of rubber nanocomposites are given in Table 1 .
The formulation of the referent NR/N330 sample has been kept confidential. Masticated NR was primarily mixed with ZnO, stearic acid and 6PPD, followed by the incorporation of OMMT. Finally, vulcanization ingredients were added at the end of the mixing process.
T a b l e 1 The technological parameters of the mixing process for the two-roll mill with 1 liter capacity are given in Table 2 and for 10 liters capacity in Table 3 . Rubber compounds were vulcanized at 145°C in a hydraulic press. T a b l e 3 
Formulation of natural rubber compounds
Mechanical characterization
Tensile and tear tests were performed on a Zwick Roell Dynamometer at a crosshead speed of 500 mm/min. The samples were cut from vulcanized plaques in a dumbbell shape. Tensile strength, elongation at break, and modulus 100 and 300 were measured. Measurements of these mechanical properties were conducted according to ISO 37. Three tests were carried out for each sample and results were averaged; minimum and maximum values are also presented.
Shore A hardness was measured by using a Zwick durometer according to ISO 7619-1.
Thermal analysis (TGA)
A Perkin-Elmer Pyris Diamond thermogravimetric analyser (TG/DTA) was used to determine the thermal stability of the nanocomposites. The weight of the samples was in the range of 14-16 mg. The samples were heated at a heating rate of 10°C/min from 25 to 800°C in air atmosphere using ceramic pans.
X-ray diffraction
X-ray diffraction patterns were recorded by a Rigaku Ultima IV diffractometer. The x-ray beam was Ni-filtered Cu K α (λ = 0.154 nm), and the radiation operated at a tube voltage of 40 kV and a tube current of 40 mA. The samples were scanned at a scan rate of 0.02°/min in a range of 2θ = 0.4°-10° and 2θ = 5.3°-80°. The interlayer spacing was calculated via the Bragg's equation:
where λ is the x-ray wavelength of 0.154 nm, d is the interlayer spacing, and θ is the diffraction angle.
Swelling behavior
Samples of approximately 20 mm × 10 mm × 2 mm were used to determine the swelling behavior. The samples were immersed in toluene, and then periodically removed from the test bottles, the adhering solvent was cleaned from the surface, and the samples were weighed immediately and then placed in toluene again. The mass-swelling ratio ( 
Measurement of dynamic properties of bulk NR/OMMT compound
From the results obtained from the first part of experimental investigation, the optimal concentration of OMMT was chosen to be between 2 phr and 8 phr, so bulk samples were produced from an NR compound containing 5 phr OMMT. The dynamic properties were investigated by the method of forced vibrations. The apparatus used was custom-made for the Institute of Earthquake Engineering and Engineering Seismology (IZIIS) in Skopje for the purpose of investigating materials suitable for seismic application. Bulk NR/OMMT-5/steel samples with dimensions of 200 mm × 200 mm × 50 mm ( Fig. 1 ) were vulcanized in a hydraulic press. Two samples were placed in a "sandwich" arrangement and subjected to cyclical shear by the displacement of a central push-rod (Fig. 2) . The tests were performed in two modes. In the first mode, the strain amplitude was kept constant at 40 mm and frequency was varied (0.3 Hz, 0.4 Hz and 0.5 Hz). In the second, the frequency was kept constant at 0.3 Hz and the strain amplitude was varied from 70 mm to 10 mm. The energy loss per cycle, E, was calculated according standard DIN 53513 (Determination of the viscoelastic properties of elastomers on exposure to forced vibration at non-resonant frequencies) as:
where ∆F is peak to peak force and ∆L is peak to peak deformation.
The phase angle was calculated as:
where f is the oscillating frequency. The storage modulus Gʹ and loss modulus Gʹʹ were calculated by the equations:
The value of tanδ (the ratio of the viscous to the elastic response) is a measurement of damping or hysteresis. A comparison was made with samples prepared from a referent NR compound filled with N330 carbon black.
RESULTS AND DISCUSSION
Vulcanization characteristics of the compounds
The rheometric curves of the unfilled and filled NR compounds are shown in Figure 3 . From the presented results, it is evident that scorch time and optimum cure time values were sharply reduced in composites containing OMMT in comparison with unfilled NR compounds, although they were very similar to those determined for carbon black filled NR containing 60 phr carbon black. These vulcanization characteristics decreased with increasing OMMT content; an exception to this was the compound NR/OMMT-14 (t S2 and t 90 were slightly higher than those for composites with lower content of OMMT). The reduction in t 90 values implies that the clay influenced the cure reaction via promoting its rate and increasing the thermal transition of NR. The contribution of OMMT as cure promoting agent has been attributed to the amine groups of the organic modifier [26] . Similarly, decreased scorch time values suggest better heat distribution in the matrix around clay particles with larger surface areas, which can enhance the overall crosslink density [27] . A tendency towards the formation of filler aggregates, resulting in a reduced rubber-filler interfacial area, might be one reason for the deviation observed for the highest clay-content NR/OMMT-14 sample. It should be mentioned that carbon black was also observed to decrease the optimum cure time, but to a smaller extent compared with the clay, and keeping in mind the incomparable lower concentration of OMMT.
The difference between maximum and minimum torque values ΔM = M H -M L , which is assumed to be indirectly related to the crosslinking density [28] , is slightly higher for OMMTcontaining composites in comparison with unfilled ones. Nevertheless, according to the ΔM values, the highest degree of crosslinking is reached in carbon black filled NR compounds that contain 60 phr carbon black.
An increasing trend of the values of M H and M L with the presence of clay could be attributed to the enhanced filler-rubber interactions. For the NR/OMMT nanocomposite containing 2 phr clay, the lowest minimum torque (M L ) value signified lower viscosity and, hence, an improved processability.
Several researchers [29] [30] [31] have evaluated the influence of organoclay on the rubber vulcanization characteristics. In general, it has been widely reported in the literature that, regardless of the nature and polarity of the elastomer, the organoclays behave as catalysts, accelerating the vulcanization reaction, simultaneously and sensibly decreasing the scorch time and optimum cure time. The accelerating effect of the organoclay is essentially attributed to the presence of an amine modifier inserted into the clay galleries, since it is well known that amine groups activate the functional groups of the accelerants, giving rise to a synergic effect that leads to a faster and more effective vulcanization reaction [26] .
X-ray diffraction analysis of NR/OMMT nanocomposites
X-ray diffraction analysis is often used to identify the degree of clay intercalation, since the intercalation of the polymer and partial exfoliation of the clay layers leads to an increase of the interlayer spacing (which is observed as shifting of the diffraction peaks towards lower values of 2θ), and a decrease in the degree of ordering of silicate layers (which is manifested as broader peaks with lower intensity) [32] . On the other hand, the im-provement in the properties of polymer/clay nanocomposites is closely related to the dispersion level of the filler and the achieved degree of delamination. For the NR/OMMT nanocomposites, the shift in the position of diffraction peak to a lower angle was clearly observed. NR/OMMT-2, NR/OMMT-8, NR/OMMT-10 and NR/OMMT-14 showed a diffraction peak at 2θ = 1.959°, 2.173°, 2.019° and 2.019°, which corresponds to a d 001 spacing of 4.504 nm, 4.140 nm, 4.375 nm and 4.375 nm, respectively. These results represent clear evidence of rubber intercalation within the clay platelets, giving rise to an intercalated and, at lower clay loading, partly exfoliated structure. In general, it could be assumed that the level of intercalation was higher for lower clay content.
Mechanical properties
The overall mechanical properties of NR/clay nanocomposites are related to their structure on the nano-level and to the balance between their reinforcing ability, degree of crosslinking and the dilution effect when the amount of clay is higher. The mechanical properties of NR/OMMT nanocomposites and NR/N330 referent compounds are reported in Table 6 . The hardness of the NR/OMMT compounds increased gradually up to 17% with the increasing OMMT content from 2 phr to 14 phr, as compared to unfilled NR vulcanizate. The tensile properties are given in terms of the modulus for different strains (100% and 300%), the tensile strength and the elongation at break. It is evident that compound NR/N330 had a significantly higher modulus for a lower strain (100% and 300%). Compared to unfilled NR (NR/OMMT-0), higher 100% modulus were observed for all nanocomposites, obviously because of the higher crosslink density induced by clay; this corresponds well with the results obtained for delta torque values. The tensile strength of NR/OMMT compounds was higher for those containing a lower content of OMMT. The nanocomposite with 2 phr OMMT (NR/OMMT-2) had the highest value of 24.4 MPa, which was 29% higher than the tensile strength of the compound containing 60 phr carbon black (NR/N330).
Carbon black is a well-known reinforcing filler for NR due to the presence of the strong filler-rubber interactions. However, a high content of carbon black gives rise to a marked loss in the elastic behavior of the NR composite, as seen from Table 6 . NR/OMMT nanocomposites have significantly higher elongation at break compared to compound NR/N330.
The nanocomposite with 8 phr OMMT (NR/OMMT-8) had the highest value of 710%, which was 69% higher than that of the NR/N330 compound. n -number of measurements, <x> -mean value, x min -minimal value, x max -maximal value Due to the strong interaction of carbon black with the elastomeric matrix, the rubber sample loaded with high carbon black content showed an increase in strength, but to the detriment of the elastic characteristics of the rubber compound. On the other hand, due to the inorganic nature of the organoclay, its nanoparticles mainly physical absorptions with the elastomer matrix.
T a b l e 6
Mechanical properties of the studied compounds
This interaction was weaker than in carbon black compound, and hence, the mobility of the rubber chains was higher [33] . In fact, the reinforcing effect of these nanoclay particles with very high aspect ratio was more noticeable at high elongations when they were perfectly dispersed [28] and, due to the applied tension, oriented in direction of the applied forces in the matrix [22] . All nanocomposites exhibit higher elongation at break then unfilled NR/OMMT-0 compound; this improvement may be attributed partially to the plasticizing effect of surfactants that are located at the clay-rubber interface [34] .
Thermal properties
The results of TGA analysis are represented in Table 7 and Figure 5 . The addition of OMMT in NR compounds shows insignificant differences in the decomposition temperatures up to temperatures at which 50% of mass loss occurs. For temperatures higher than 350°C, the maximal rate of thermal decomposition is lower for all nanocomposites compared to NR (1.41%°C -1 for NR and 0.89%°C -1 for the nanocomposite containing 10 phr OMMT). Also, higher OMMT content leads to higher decomposition temperatures; this trend is valid up to 10 phr OMMT ( Table 8) .
The temperature required for 10% wt. loss in an oxidative environment (air atmosphere) showed a downward tendency with increasing amounts of OMMT. This is most probably due to the elevated thermal degradation of the amine-organic modifier in the clay, as can be assumed from the TG-curve of OMMT. The temperature corresponding to 50% wt. loss shifted towards a higher level with the in-crease in filler content; an exception was NR/OMMT-14, which was an outcome that was possibly related to the tendency to agglomerate, as discussed previously. It is clearly seen that, in general, the thermal stability of the nanocomposites containing 14 phr of OMMT was much lower, not only compared to the referent NR compound, but also to other nanocomposites.
T a b l e 7
Temperatures of different mass loss for NR/OMMT nanocomposites and NR/N330
composite determined from TG-curves 
Swelling behavior
The sorption data of toluene in NR compounds were determined from the mass of the sample in the unswollen and swollen states, according to Equation (2) . The mass-swelling ratio ( t Q ) at any particular temperature was plotted against the square root of time ( t ), as shown in Figure 6 . The plots show initial increases in the mass of toluene sorbed until the maximum absorption was reached at which time, the mass of the absorbed toluene remained constant; in other words, equilibrium absorption was attained. The swelling ratio decreased with increasing OMMT content compared to unfilled NR compounds. This can be ascribed to a uniform dispersion of OMMT which further forms a physical crosslink with the rubber matrix. The presence of nano-dispersed impermeable OMMT layers with excellent barrier properties decreased the rate of transportation by lengthening the average diffusion path length in NR matrix [35] .
An exception represents NR/OMMT-14 nanocomposite, which had the highest swelling ratio; this contributes to the assumption made on the basis of thermal behavior of this particular nanocomposite sample (Table 9) .
On the other hand, the results for the referent NR/carbon black compound were in good correlation with the torque value (ΔM) reported in Table  4 , indicating the highest degree of crosslinking, and hence the best swelling resistance. 
Dynamic properties of bulk NR/OMMT-5 compound
The majority of rubber performances strongly depend on the viscoelastic properties of filler filled rubber [36] . When carbon black is used as the filler, at filling fractions above a certain threshold, the filler clusters form an irregular network that is fractal on some scales. The main point is that the filler network has the property that it is not stable, but breaks up into smaller units when subjected to loading. It is widely accepted that the filler network is responsible for the typical nonlinear viscoelastic behavior of filled rubbers [37] .
Regarding application, it is interesting to investigate the dynamic properties of rubber filled with low quantities of nanofiller, including their frequency and amplitude dependence, and compare them with the behavior of conventional carbon black filled rubber under the same conditions.
The change of the applied force and the deformation with time is shown in Figure 7 ; also, the hysteresis loop (force vs. deformation) is presented It is obvious that the phase angle between the deformation and the applied force is very low, and, as a result, the loss energy per cycle is also very low. Also, it is observed that the energy loss, which is defined by the area of the hysteresis loop, increases with the increasing frequency. This can be seen in Table 10 , where the values of tanδ, E, Gʹ и Gʹʹ for different frequencies are presented.
T a b l e 10
The The loss factor tanδ and the energy loss per cycle increase with the increasing frequency. This frequency dependence results from the chain and segment mobility in rubber compounds.
At low frequency, all of the polymer chains in rubber compounds are capable of following deformation without delay. As the frequency of the strain increases, the entanglements of polymers are no longer able to follow the strain during the cycles of deformation [38] . A comparison of the dynamic moduli and loss factor was made with the referent compound reinforced with 60 phr N330 carbon black.
The change in the applied force and deformation with time and hysteresis loop for the referent compound NR/N330 and the compound NR/OMMT-5 are shown in Figure 8 for an amplitude of deformation of 40 mm and frequency of 0.3 Hz, and in Figure 9 for the same amplitude of deformation and a frequency of 0.4 Hz.
One can observe that the phase shift of the deformation in relation with the applied force is significantly higher for the compound reinforced with carbon black (NR/N330); therefore, the loss factor tanδ for NR/N330 was 565% higher than that for NR/OMMT-5 for f = 0.3 Hz and 252% higher for f = 0.4 Hz.
The energy loss per cycle was also significantly higher for the referent compound reinforced with carbon black; this was 1392% higher than the energy loss per cycle for NR/OMMT-5 sample for f = 0.3 Hz and 625% for f = 0.4 Hz. Energy dissipation of the filled rubber subjected to cyclic loading is a result of breaking of the filler network. Higher filler content leads to higher energy dissipated on breaking the filler network. Another interesting phenomenon that can be observed from the results presented in Figure 10 and Figure 11 is the Mullins effect or Mullins softening of the rubber. The Mullins effect can be explained as softening of the rubber subjected to big and cyclic loadings. The most evident Mullins softening is in the first cycle, after which it becomes negligible. The Mullins softening could be attributed to a quasiirreversible rearrangement of the molecular network due to local non-affine deformations resulting from a complete extension of the short chains.
During the first extension, local non-affine deformations within the material result in non-affine displacements of molecular network junctions from their initial random state. Then, when the material is stretched for a second time, the network is already in a "preferred" configuration. This is more evident in rubber with higher filler content [39] .
The values of tanδ, E, Gʹ and Gʹʹ for the NR/OMMT-5 and NR/N330 samples for same amplitude of deformation of 40 mm and frequencies of f = 0.3 и 0.4 Hz are shown in Table 11 . If we analyze the tendency of their change with frequency ( Fig. 10) it can be observed that the loss factor tanδ and energy loss per cycle for NR/OMMT-5 sample increase with increasing frequency, as previously discussed. The values of the elastic modulus Gʹ vary a little with change of frequency, and can be considered to be constant in this frequency interval. The loss modulus increases slightly with the increase of the frequency. This behavior is in correlation with the information found in the literature regarding this specific matter [39] .
The change of applied force and deformation with time is shown in Figure 11 ; also, the hysteresis loop (force vs. deformation) is presented for a constant frequency of 0.3 Hz, and descending amplitude of deformation from 70 mm to 10 mm. From Figure 11 , it can be seen that the phase shift between the deformation and applied force is higher for the NR/N330 sample and it decreases with the increasing amplitude. For lower amplitudes of cyclic loading, the filler network is destroyed and rebuilt. For higher amplitudes, the filler network is irreversibly destroyed. For this reason, the energy that is dissipated upon breaking the filler network is not present for higher amplitudes, because the filler network has already been destroyed. As a result, the loss factor, tanδ, for NR/N 330 sample (Table 12 ) decreases with an increasing amplitude of deformation. The same tendency was also observed for loss modulus Gʹʹ (Fig. 12) .
For the NR/OMMT-5 sample, due to the low content of the nanofiller, the filler network was not formed, so the values of the parameters given in Table 12 and presented in Figure 12 , insignificantly change with a decreasing amplitude deformation. 
T a b l e 12
CONCLUSIONS
Natural rubber/organomodified montmorillonite nanocomposites with different OMMT contents were prepared by melt mechanical mixing on standard equipment (open two-roll mill). XRD analysis indicated that the elastomer chains were intercalated with montmorillonite. Organoclay accelerates the vulcanization reaction by decreasing the optimum cure time (t 90 ) and scorch time (t s2 ). Furthermore, it gives rise to a higher crosslink density. The addition of organoclay, even at very low content (2 phr), improves the strength of the natural rubber, and at the same time improves the elasticity of the composites, which is not the case for carbon black. The nanocomposite containing 2 phr OMMT has tensile strength that is improved by 29% and elongation at break improved by 61% in comparison with the referent compound containing 60 phr carbon black.
The investigation of the dynamic moduli of the bulk NR/OMMT-5/steel samples showed improved hysteresis and very low dissipating energy per cycle and significantly reduced Mullins effect in comparison with N330 containing samples.
The obtained results are a solid basis for understanding the influence of OMMT on the dynamic behavior of the rubber and opens up the possibil-ity of obtaining hybrid material with controlled energy dissipating capacity.
